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FORWARD MOUNTED HYDROGEN STEAM
INJECTED AND INTER-COOLED TURBINE
ENGINE WITH OCTOPUS DUCTING

STAITEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] This mnvention was made with Government support
under Contract No.: DE-AR0001561 awarded by the United

States Department of Energy, Office of ARPA-E. The Gov-
ernment has certain rights 1n this ivention.

TECHNICAL FIELD

[0002] The present disclosure relates generally to a hydro-
gen powered aircraft propulsion system and, more particu-
larly to a hydrogen steam injected and intercooled turbine
engine including a forward mounted gas generator and
ducting for routing tlows through heat exchangers disposed
within a nacelle.

BACKGROUND

[0003] Reduction and/or elimination of carbon emissions
generated by aircraft operation 1s a stated goal of aircraft
manufacturers and airline operators. Gas turbine engines
compress mcoming core airflow, mix the compressed air-
flow with fuel that 1s 1gnited in a combustor to generate a
high energy exhaust gas tlow. Some energy in the high
energy exhaust flow 1s recovered as it 1s expanded through
a turbine section. Much of the heat energy within the exhaust
gas tlow 1s lost. Some of the heat energy may be recaptured
and used to generate a steam flow that 1s 1injected nto the
core flow. The steam flow increases engine efliciencies by
increasing mass flow without additional work required by
the turbine section. The size required for eflicient heat
exchangers to capture heat and generate a steam flow may be
large compared to the overall engine size and may be a
limiting factor.

[0004] Turbine engine manufacturers continue to seek
turther 1mprovements to engine performance including
improvements to reduce environmental impact while
improving propulsive etliciencies.

SUMMARY

[0005] A propulsion system for an aircrait according to
one example disclosed embodiment includes, among other
possible things a core engine that generates a core gas tlow,
a propulsor section that 1s driven by the core engine and
disposed ait of the core engine, a nacelle that surrounds the
core engine and the propulsor section, a water recovery
system that 1s disposed at least 1n part in the nacelle, an
exhaust duct where the core gas tlow 1s directed radially
outward from the core engine to the nacelle, an evaporator
assembly that 1s 1n thermal communication with the exhaust
duct where water 1s recovered by the water recovery system
and 1s heated to generate a steam flow that 1s subsequently
communicated to the core engine.

[0006] In another embodiment of the foregoing propulsion
system, the propulsion system includes a refrigeration sys-
tem that 1s disposed aft of the propulsor section where a
cooling medium 1s circulated through a cooling circuit to
cool a portion of the water recovery system.

[0007] In another embodiment of any of the foregoing
propulsion systems, the refrigeration system includes a
refrigerant condenser for cooling the cooling medium. The
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refrigerant condenser 1s 1 thermal communication with a
bypass tlow through the propulsor section for condensing
the cooling medium.

[0008] In another embodiment of any of the foregoing
propulsion systems, the water recovery system includes a
condenser assembly and a water separator. The cooling
circuit 1s 1n thermal commumication with the condenser
assembly for condensing liquid water from the core gas flow.
[0009] In another embodiment of any of the foregoing
propulsion systems, the condenser assembly includes a
plurality of condensers that are disposed about a circumier-
ence of the nacelle.

[0010] In another embodiment of any of the foregoing
propulsion systems, the exhaust duct includes a plurality of
passages that extend radially outward from the core engine
to a corresponding one of the plurality of condensers such
that core gas flow 1s communicated through the plurality of
passages to each of the plurality of condensers.

[0011] In another embodiment of any of the foregoing
propulsion systems, the evaporator assembly includes a
plurality of evaporators that are disposed within the nacelle
and are 1n thermal communication with a portion of each of
the plurality of passages of the exhaust duct.

[0012] In another embodiment of any of the foregoing
propulsion systems, each of the plurality of passages of the
exhaust duct include a radial portion that routes core gas
flow radially outward and a circumierential portion 1s 1n
thermal commumication with at least one of the plurality of
evaporators.

[0013] In another embodiment of any of the foregoing
propulsion systems, each of the plurality of passages include
an outlet that communicates the core gas flow to a corre-
sponding one of the plurality of condensers.

[0014] In another embodiment of any of the foregoing
propulsion systems, the propulsion system includes a gear-
box that 1s driven by the core engine and coupled to drive the
propulsor.

[0015] In another embodiment of any of the foregoing
propulsion systems, the propulsion system includes an inter-
cooling system that 1s configured to imject water into a
compressor section of the core engine to reduce a tempera-
ture of a core airflow within the core flow path. The
intercooling system receives water from the water recovery
system.

[0016] A propulsion system for an aircrait according to
another example disclosed embodiment includes, among
other possible things a core engine that includes a core tlow
path where air 1s compressed 1 a compressor section,
communicated to a combustor section, mixed with a hydro-
gen based fuel and 1gnited to generate a core gas tlow that
1s expanded through a turbine section. The propulsion sys-
tem 1ncludes a hydrogen tuel system that 1s configured to
supply hydrogen fuel to the combustor through a fuel flow
path, a propulsor section that 1s driven by the core engine
and disposed ait of the core engine, a nacelle that surrounds
the core engine and the propulsor section, a condenser
assembly that 1s disposed at least partially within the nacelle,
an exhaust duct where the core gas flow 1s directed radially
outward from the core engine to the condenser assembly 1n
the nacelle, an evaporator assembly that 1s 1n thermal
communication with the exhaust duct where water recovered
by the condenser assembly 1s heated to generate a steam flow
that 1s mjected into the core tlow path, and a refrigeration
system that 1s disposed aft of the propulsor section where a
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cooling medium 1s circulated through a cooling circuit to
cool a portion of the water recovery system.

[0017] Inanother embodiment of the foregoing propulsion
system, the refrigeration system includes a refrigerant con-
denser for cooling the cooling medium. The refrigerant
condenser 1s 1n thermal communication with a bypass tlow
through the propulsor section for condensing the cooling
medium.

[0018] In another embodiment of any of the foregoing
propulsion systems, the condenser assembly includes a
plurality of condensers that are disposed about a circumfier-
ence of the nacelle.

[0019] In another embodiment of any of the foregoing
propulsion systems, the exhaust duct includes a plurality of
passages that extend radially outward from the core engine
to a corresponding one of the plurality of condensers such
that core gas flow 1s communicated through the plurality of
passages to each of the plurality of condensers.

[0020] In another embodiment of any of the foregoing
propulsion systems, each of the plurality of passages of the
exhaust duct include a radial portion that routes core gas
flow radially outward and a circumierential portion 1s 1n
thermal communication with the evaporator assembly and
an outlet communicates the core gas tlow to a corresponding
one of the plurality of condensers.

[0021] A nacelle assembly for a turbine engine according
to another example disclosed embodiment includes, among,
other possible things a nacelle housing that surrounds a core
engine and a propulsor section, a condenser assembly that 1s
supported at least partially within the nacelle housing, the
condenser assembly 1s configured to recover water from a
core gas flow that 1s generated by the core engine, an exhaust
duct that extends between the nacelle housing and the core
engine, the core gas flow 1s directed radially outward
through the exhaust duct to the condenser assembly, and an
evaporator assembly that 1s supported within the nacelle
housing and 1s 1n thermal communication with at least a
portion ol the exhaust duct where heat from the core gas
flow 1s utilized to heat a water flow to generate a steam tlow
injected into the core tlow path.

[0022] In another embodiment of the foregoing nacelle
assembly, the exhaust duct includes a plurality of passages
with each including a radial portion where the core gas flow
1s directed radially outward to the condenser assembly. A
circumierential portion 1s 1n thermal communication with
the evaporator assembly and an outlet communicates the
core gas flow to the condenser assembly.

[0023] In another embodiment of any of the foregoing
nacelle assemblies, the exhaust duct extends forward of the
propulsor section to an ait end of the core engine.

[0024] In another embodiment of any of the foregoing
nacelle assemblies, the nacelle housing includes a bypass
passage for a fan airflow that extends between a forward
inlet and an aft exhaust opening. The exhaust duct 1is
supported within the forward inlet and the core engine 1s
supported engine forward of the exhaust duct.

[0025] Although the different examples have the specific
components shown 1n the illustrations, embodiments of this
invention are not limited to those particular combinations. It
1s possible to use some of the components or features from
one of the examples in combination with features or com-
ponents from another one of the examples.
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[0026] These and other features disclosed herein can be
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 1s a cross-sectional view of an example
aircraft propulsion system.

[0028] FIG. 2 1s a side view of the example aircrait
propulsion system.

[0029] FIG. 3 1s a schematic cross-section of the example
aircrait propulsion system.

[0030] FIG. 4 1s a schematic view of a core gas generating
portion of the example aircraft propulsion system.

[0031] FIG. 5 1s front view of an exhaust duct of the
example aircrait propulsion system.

[0032] FIG. 6 1s an enlarged cross-sectional view of the
example exhaust duct of the aircrait propulsion system.

[0033] FIG. 7 1s another enlarged cross-section of the
example exhaust duct of the aircrait propulsion system.

DETAILED DESCRIPTION

[0034] FIGS. 1 and 2 schematically illustrate an example
hydrogen steam 1njected inter-cooled aircrait propulsion
system that 1s generally indicated at 20. Heat exchangers
utilized to recover and generate steam for injection into a
core tlow operate most eflectively with low pressure drops
that require large forward facing areas. The example pro-
pulsion system 20 incorporates heat exchangers for evapo-
rator and condenser systems at least partially within a
nacelle assembly such that larger forward surface areas can
be utilized. Moreover, a gas generating core engine 1s
mounted forward of a propulsive fan to free additional space
within the nacelle assembly for a refrigeration system.

[0035] The propulsion system 20 includes a gas generating
core engine 22 supported engine forward of a propulsive fan
24. The fan 24 1s disposed within a nacelle assembly 26
including a nacelle housing 28. The core engine 22 drives
the propulsive fan 24 through a speed reduction gear box 72.
A condenser assembly 62 and evaporator assembly 42 are
disposed 1n a forward portion of the nacelle housing 28. A
core gas tlow 50 1s communicated radially outward through
an exhaust duct 44 to the evaporator assembly 42 and the
condenser assembly 62. Locating the evaporator assembly
42 and the condenser assembly 62 within the nacelle hous-
ing 28 provides larger surfaces for the required heat
exchangers to enhance thermal transfer.

[0036] In one example embodiment, the core engine 22 1s
supported forward of an inlet 32 to the nacelle assembly 26.
An 1nlet airflow 38 1s communicated into the core engine 22
and through the nacelle inlet 32 to the propulsive fan 24. The
nacelle assembly 26 includes a housing 28 that defines an
interior passage 36 between the mnlet 32 and an exhaust
outlet 34. A plurality of static vanes 30 support a central
support structure 102 within the nacelle assembly 26 about
an engine longitudinal axis A. The core engine 22 generates
a core flow 50 that 1s routed radially outward through the
exhaust duct 44. The core tlow 30 sequentially proceeds
through the evaporator assembly 42 and a condenser assem-
bly 62. In the evaporator assembly 42, heat 1s used to
generate a steam tlow from recovered water. In the con-
denser assembly 62, water 1s condensed and separated from
the core flow 50. The remaining core tlow 30 1s routed
through a nacelle passage 104 to the ambient environment.
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[0037] Fan flow 52 1s exhausted through the exhaust
opening 34 to provide a propulsive thrust. A portion of the
fan flow 52 1s commumcated as a cooling flow 54 to a
reifrigerant assembly 46. The reifrigerant assembly 46
includes a condenser 48 that 1s supported aft of the propul-
sive fan 24 and vanes 30. In one disclosed example, portions
of the refrigerant system 46 are supported 1n a tail cone 58.
The refrigerant assembly 46 circulates a cooling medium to
the condenser assembly 62 to aid in condensing water from
the core gas flow 50.

[0038] Referring to FIG. 3, with continued reference to
FIGS. 1 and 2, the core engine 22 1s schematically shown
and defines a portion of the core airtflow path C for the core
flow 50. An inlet airtlow 38 1s routed through serially
through a compressor section 90, a combustor 88 and a
turbine section 82 disposed along the axis A. In the com-
pressor section 90, the inlet airtlow 38 1s compressed and
mixed with a hydrogen (H,) fuel flow 112 and ignited to
generate the core gas flow 50 that expands through the
turbine section 82 where energy i1s extracted and utilized to
drive the compressor section 90.

[0039] The disclosed example core engine embodiment 22
includes the compressor section with a low pressure com-
pressor (LPC) 92 coupled to a low pressure turbine (LPT) 86
through an outer shait 98. A high pressure compressor
(HPC) 94 1s coupled to a high pressure turbine 84 through
an mner shaft 96. A power turbine 80 1s coupled to a shaft
70 that drives the fan 24 through the gear box 72. The gear
box 72 may be of any configuration utilized to provide a
desired speed change between the power turbine 80 and fan
24. Although an example core engine configuration is dis-
closed, other engine architectures could be utilized and are
within the contemplation of this disclosure.

[0040] Moreover, although the example core engine 22 1s
shown and disclosed by way of example as being disposed
along the axis A along with the fan 24, the core engine may
be disposed oflset from the axis A. As the power turbine 80
1s not mechanically coupled to the core engine 22 and 1is
driven by the core tflow 50, the core engine 22 and the power
turbine 80 and fan 24 could be on different axes. Moreover,
the core engine 22 may be angled relative to an axis of
rotation of the fan 24. Accordingly, mechanically decoupling
of the fan 24 from the core engine 22 provides for offset and
angled relative orientations of the core engine 22. Such
oflset and angular orientations of the core engine 22 are
within the contemplation and scope of this disclosure.

[0041] The core engine 22 1s configured to burn hydrogen
provided by a fuel system 106. The fuel system 106 includes
a liquid hydrogen (LH,) tank 108 1n communication with at
least one pump 110. The pump 110 drives the fuel flow 112
to the combustor 88. Although hydrogen 1s shown and
described by way of example, other non-carbon based fuels
could also be utilized and are within the scope and contem-
plation of this disclosure. Additionally, traditional carbon-
based fuels could also be utilized and are within the con-
templation and scope of this disclosure.

[0042] A condenser assembly 40 recovers water that 1s
communicated to a water tank 124. From the water tank,
water 1s communicated to the intercooling system 65 and to
the evaporator 42.

[0043] A steam flow 56 1s injected into the core tlow path
C. The core engine 22 has an increased power output from
the mjected steam flow 56 due to an increasing mass tlow
through the turbine section 82 without a corresponding
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increase 1n work from the compressor section 90. An
example engine operation cycle may include up to (or more
than) 35% steam-air-ratios (SAR) and may be assisted by a
multiple fold (e.g., 2x, 3x, etc.) increase 1 moisture from
burning H, as the fuel.

[0044] An mtercooling system 65 provides an intercooling
water flow 68 that 1s communicated to the compressor
section 90 to reduce a temperature of the core tlow 50 and
increase mass tlow. In one disclosed example embodiment,
water tlow 68 1s injected at a location 100 between the LPC
92 and HPC 94. The water flow 68 provides reduced
temperatures and increased mass flow that decreases the
work required by the compressor section 90. Water may also
be used as a cooling flow to cool other sections of the core
engine 22 such as for example, the turbine section 82.
Although an example intercooling system 65 1s schemati-
cally shown by way of example, other intercooling systems
that utilized a flow of water for cooling could be utilized and
are within the contemplation of this disclosure.

[0045] Referring to FIG. 4 with continued reference to
FIGS. 1, 2, and 3, the core engine 22 1s disposed within a
housing 76 that defines a core inlet 74. The core housing 76,
1s supported forward of the nacelle assembly 26. A turbine
exhaust case 78 defines the outlet for the core flow 30 from
the core engine 22.

[0046] A condenser/water recovery system 40 includes a
plurality of condensers 62 disposed about a circumierence of
the nacelle assembly 26. The plurality of condensers 62 are
positioned at a forward location proximate to the inlet 32.
The core flow 50 1s cooled in each of the plurality of
condensers 62 to condense water into a liquid form. The
liquid water 1s separated 1n a water separator 64 and com-
municated to an evaporator assembly 42.

[0047] Each of the plurality of condensers 62 are 1n
communication with a cold sink to enhance condensation of
water from the core flow 50. In one disclosed example
embodiment, the refrigeration system 46 includes a closed
loop cooling circuit 60 that 1s 1n thermal communication
with each of the condensers 62. A refrigerant flow 65 accepts
heat from the core gas flow 50 1n each of the plurality of
condensers 62. Although the example condensers 62 are
shown within the nacelle assembly 26, the condensers 62
may be disposed only partially within the nacelle assembly
26 and remain within the contemplation and scope of this
disclosure.

[0048] The location of the core engine 22 forward of the
nacelle assembly 26 frees up space aft of the fan 24. The free
space provides for a refrigerant condenser, shown schemati-
cally at 48, of an increased size. The cooling air flow 54 1s
routed into the tail cone 58 and through the refrigerant
condenser 48 to cool the refrigerant tlow 63 alter accepting
heat 1n the condenser 62. Water from the water separator 64
may be stored in a tank, shown schematically at 124 to
accommodate variations 1 water recovery. A pump 126 may
be utilized to drive water flow to the evaporator assembly

42.

[0049] In this disclosed example, the evaporator assembly
42 includes a plurality of evaporators 66 disposed about a
circumierence of the nacelle assembly 26. Heat from the
core as tlow 50 1s utilized to transform the water flow 68 into
a steam flow 56. The plurality of evaporators 66 are disposed
about a circumierence of the nacelle assembly 26 proximate
to the 1nlet 32. Although the example evaporator assembly
42 and evaporators 66 are shown by way of example within
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the nacelle assembly 26, portions of the evaporator assembly
42 and evaporators 66 may be disposed at least partially
outside of the nacelle assembly 26 and remain within the
contemplation and scope of this disclosure.

[0050] Referring to FIGS. 5§ and 6 with continued refer-
ence to the previous Figures, the exhaust duct 44 1s sche-
matically shown and defines a path for communicating the
core flow 50 radially outward to the evaporators 66 and
condensers 62. In one example embodiment, the evaporators
66 arc disposed, at least partially along an inner surface 118
of the nacelle assembly 26 and the condensers 62 are at
radially outward of the evaporators 66.

[0051] The exhaust duct 44 includes a central portion 114
that 1s coupled to a turbine exhaust case 78 at an aft portion
of the core engine 22. Radial passage portions 116 extend
from the central portion 114 to each of the plurality of
evaporators 66. The shaft 70 for driving the fan 24 extends
through the central portion 114. The radial passage portions
116 are spaced circumierentially apart to provide passages
for the 1nlet flow to the fan 24. In one example embodiment,
one radial passage portion 116 1s provided for each of the
evaporators 66 disposed within the nacelle assembly 26.
However, the number of passage portions 116 could be
changed to accommodate different evaporator configura-
tions and remain within the contemplation of this disclosure.

[0052] The example exhaust duct 44 1s disclosed as a
single unitary part with the radial passage portions 116 being
provided as curved transitions to turn the axially directed
core flow 50 radially outward to each of the evaporators 66.
The passage portions 116 may further curve circumieren-
tially to direct flow into the corresponding one of the
evaporators 66. Each of the evaporators 66 include a passage
122 for communicating the core flow 50 to one of the
condensers 62. In one disclosed example embodiment, the
number of evaporators 66 and condensers 62 are the same
such that the core flow 50 1s divided evenly through the
passage portions 116.

[0053] Referring to FIG. 7, 1n another example embodi-
ment, a ram air passage 120 1s disposed in the nacelle 28 and
provides for a ram air flow 128 to be placed i1n thermal
communication with the condenser 62. The ram air flow 128
reduces and/or eliminates the need for the refrigerant flow
for cooling of the condensers 62.

[0054] Referring to FIGS. 1, 3, and 4, an example opera-
tional embodiment includes generating the core tlow 350 in
the core engine 22. The core flow 50 1s generated from a
hydrogen based fuel and the steam flow 56 that 1s mjected
into the core tlow 50. A shatt 70 1s driven by a power turbine
80 (FIG. 3) through which the core tlow 50 expands. The
core flow 50 1s then exhausted through the turbine exhaust
case 78 into the exhaust duct 44.

[0055] In the exhaust duct 44, the core flow 50 1s directed
radially outward through one of the pluralities of radial
passages 116 to one of the evaporators 66. The core flow 50
1s then communicated to one of the condensers 62 and
cooled to liquity water. The refrigerant system 46 cools the
core flow 50 by providing the refrigerant flow 65 through the
closed loop retrigerant circuit 60. A cooling flow 54 1s routed
across the reifrigerant condenser 48 to cool the warmed
reirigerant flow 65. Alternatively, the ram air flow 128 could
be utilized for cooling the core tlow 50 within the condens-

ers 62.
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[0056] The cooled core flow 50 with liquified water con-
tent 1s routed to the water separators 64. In one disclosed
example, a plurality of water separators 64 are provided that
correspond with each of the condensers 62. However, one
water separator 64 that receives the cooled core flow 30
could be utilized and 1s within the contemplation of this
disclosure. Separated water 1s communicated either to a
water tank 124 and/or directly to each of the evaporators 66.
The remaining gaseous portion of the core flow 50 1is
exhausted to the ambient environment. The water tflow to the
evaporators 66 1s transformed 1nto the steam flow 56 with
heat from the core tflow 50. The steam flow 56 1s commu-
nicated to the core engine 22 and injected 1n to the core flow
path C.

[0057] Although an example engine configuration 1is
described by way of example, 1t will be appreciated that
other engine configurations may include additional struc-
tures and features and are within the contemplation and
scope of this disclosure.

[0058] Accordingly, the example propulsion system
embodiments include evaporator and condenser systems
with increased efliciencies by providing corresponding heat
exchangers within the nacelle assembly such that larger
forward surface areas can be utilized. Moreover, the forward
mounted gas generating core engine provides additional
space within the nacelle assembly for a refrigeration system.
[0059] Although an example embodiment has been dis-
closed, a worker of ordinary skill 1n this art would recognize
that certain modifications would come within the scope of
this disclosure. For that reason, the following claims should
be studied to determine the scope and content of this
disclosure.

1. A propulsion system for an aircraft comprising:

a core engine generating a core gas flow;

a propulsor section driven by the core engine and dis-
posed aft of the core engine;

a nacelle surrounding the core engine and the propulsor
section;

a water recovery system disposed at least i part in the
nacelle:

a refrigeration system disposed ait of the propulsor sec-
tion where a cooling medium 1s circulated through a
cooling circuit to cool a portion of the water recovery
system, the refrigeration system includes a refrigerant
condenser for cooling the cooling medium, and the
refrigerant condenser 1s 1n thermal communication with
a bypass flow through the propulsor section for con-
densing the cooling medium;

an exhaust duct where the core gas flow 1s directed
radially outward from the core engine to the nacelle;
and

an evaporator assembly 1n thermal communication with
the exhaust duct where water recovered by the water
recovery system 1s heated to generate a steam tlow
subsequently communicated to the core engine.

2-3. (canceled)

4. The propulsion system as recited in claim 2, wherein
the water recovery system includes a condenser assembly
and a water separator, wherein the cooling circuit 1s 1n
thermal communication with the condenser assembly for
condensing water recovered from the core gas flow.

5. The propulsion system as recited in claim 4, wherein
the condenser assembly comprises a plurality of condensers
disposed about a circumierence of the nacelle.
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6. A propulsion system for an aircraft comprising:

a core engine generating a core gas tlow;

a propulsor section driven by the core engine and dis-
posed aft of the core engine;

a nacelle surrounding the core engine and the propulsor
section;

a water recovery system disposed at least 1n part in the
nacelle, the water recovery system including a con-
denser assembly and a water separator, wherein the
condenser assembly comprises a plurality of condens-
ers disposed about a circumierence of the nacelle;

a relfrigeration system disposed aft of the propulsor sec-
tion where a cooling medium 1s circulated through a
cooling circuit to cool a portion of the water recovery
system, the refrigeration system includes a refrigerant
condenser for cooling the cooling medium, and the
refrigerant condenser 1s 1n thermal communication with
a bypass tlow through the propulsor section for con-
densing the cooling medium, wherein the cooling cir-
cuit 1s 1 thermal communication with the condenser
assembly for condensing liquid water from the core gas
flow;

an exhaust duct where the core gas flow 1s directed
radially outward from the core engine to the nacelle;
and

an evaporator assembly 1n thermal communication with
the exhaust duct where water recovered by the water
recovery system 1s heated to generate a steam flow
subsequently communicated to the core engine,
wherein the exhaust duct comprises a plurality of
passages extending radially outward from the core
engine to a corresponding one of the plurality of
condensers such that core gas tlow 1s communicated
through the plurality of passages to each of the plurality
ol condensers.

7. The propulsion system as recited in claim 6, wherein
the evaporator assembly comprises a plurality of evaporators
disposed at least partially within the nacelle and 1n thermal
communication with a portion of each of the plurality of
passages of the exhaust duct.

8. The propulsion system as recited in claim 7, wherein
cach of the plurality of passages of the exhaust duct include
a radial portion routing the core gas flow radially outward
and a circumierential portion 1n thermal communication
with at least one of the plurality of evaporators.

9. The propulsion system as recited in claim 8, wherein
cach of the plurality of passages include an outlet commu-
nicating the core gas flow to a corresponding one of the
plurality of condensers.

10. The propulsion system as recited 1n claim 9, including
a gearbox driven by the core engine and coupled to drive the
propulsor.

11. The propulsion system as recited 1n claim 1, including
an intercooling system configured to 1nject recovered water
into a compressor section of the core engine to reduce a
temperature of a core airflow within the core flow path, the
intercooling system receiving recovered water from the
water recovery system.

12. A propulsion system for an aircraft comprising:

a core engine including a core tlow path where air 1s

compressed 1n a compressor section, communicated to
a combustor section, mixed with a hydrogen fuel and
ignited to generate a core gas flow that 1s expanded
through a turbine section;
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a hydrogen fuel system configured to supply the hydrogen
tuel to the combustor, the hydrogen fuel system includ-
ing a fuel tank for the hydrogen fuel in communication
with a fuel pump configured to generate a fuel flow for
communication to the combustor:

a propulsor section driven by the core engine and dis-
posed aft of the core engine;

a nacelle surrounding the core engine and the propulsor
section;

a condenser assembly disposed at least partially within the
nacelle;

an exhaust duct where the core gas flow 1s directed
radially outward from the core engine to the condenser

assembly 1n the nacelle;

an evaporator assembly 1n thermal communication with
the exhaust duct where water recovered by the con-
denser assembly 1s heated to generate a steam flow
injected nto the core flow path; and

a relrigeration system disposed ait of the propulsor sec-
tion where a cooling medium 1s circulated through a
cooling circuit to cool a portion of the water recovery
system, wherein the refrigeration system includes a
refrigerant condenser for cooling the cooling medium,
and the refrigerant condenser i1s 1n thermal communi-
cation with a bypass tlow through the propulsor section
for condensing the cooling medium.

13. (canceled)

14. The propulsion system as recited in claim 12, wherein
the condenser assembly comprises a plurality of condensers
disposed about a circumierence of the nacelle.

15. The propulsion system as recited 1n claim 14, wherein
the exhaust duct comprises a plurality of passages extending
radially outward from the core engine to a corresponding
one of the plurality of condensers such that core gas tlow 1s
communicated through the plurality of passages to each of
the plurality of condensers.

16. The propulsion system as recited in claim 15, wherein
cach of the plurality of passages of the exhaust duct include
a radial portion routing core gas tlow radially outward and
a circumierential portion 1n thermal communication with the
evaporator assembly and an outlet communicating the core

gas flow to a corresponding one of the plurality of condens-
ers.

17. A nacelle assembly for a turbine engine comprising:

a nacelle housing surrounding a core engine and a pro-
pulsor section;

a condenser assembly supported at least partially within
the nacelle housing, the condenser assembly configured
to recover water from a core gas flow generated by the
core engine;

an exhaust duct extending between the nacelle housing
and the core engine, the core gas flow 1s directed
radially outward through the exhaust duct to the con-
denser assembly; and

an evaporator assembly supported at least 1n part within
the nacelle housing and in thermal communication with
at least a portion of the exhaust duct where heat from
the core gas flow 1s utilized to heat a water flow to
generate a steam flow 1njected 1nto the core tlow path,
wherein the exhaust duct comprises a plurality of
passages with each including a radial portion where the
core gas flow 1s directed radially outward to the con-
denser assembly, a circumierential portion in thermal
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communication with the evaporator assembly, and an
outlet commumicating the core gas flow to the con-
denser assembly.

18. (canceled)

19. The nacelle assembly as recited 1n claim 17, wherein
the exhaust duct extends forward of the propulsor section to
an aft end of the core engine.

20. The nacelle assembly as recited 1n claim 19, wherein
the nacelle housing includes a bypass passage for a fan
airtlow that extends between a forward inlet and an aft
exhaust opening, the exhaust duct 1s supported within the
torward 1nlet and the core engine 1s supported forward of the
exhaust duct.
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